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CONCLUSIONS
Single-dose trichlorethylene anaesthesia closely resembled single-dose vinyl-ether administration, owing, no doubt, to the similarity in the apparatus employed. Salivation was usually absent or at worst much less evident than when using vinyl ether. It shared with vinyl ether that lack of anoxaemia (with its consequent venous congestion) that was such a drawback when operating under nitrous oxide anaesthesia. Laryngeal spasm appeared non-existent, in dramatic contrast to ethyl chloride and those cases under vinyl ether where saliva inadvertently gravitated on to the vocal cords. All cases were followed up by the health visitors who reported no untoward sequelae (sickness, vomiting, nausea or headache) the day following extraction. The tonsillectomy cases were all in hospital and with the exception of one child (who was operated upon against Dr. Galley's advice, developed bilateral multilobular atelectasis and recovered within twenty-four hours) the convalescence was markedly improved when compared with ethyl chloride or ethyl chlorideether sequence anaesthesja. Trichlorethylene was very much cheaper than either of the other anaesthetics mentioned, a whole session of administrations costing only a few pence. Indications.-We have found that trichlorethylene is especially useful in the induction of anaesthesia when added to nitrous oxide and oxygen. The onset of anaesthesia is smoother and takes less time than with ether. In the average patient with light premedication, four minutes (suffice from consciousness to the third stage. If intravenous pentothal is given the time will be slightly longer owing to respiratory depression. In the majority of patients undergoing major surgery, the induction of anaesthesia has been with this technique. Narcosis may be maintained with the same mixture if complete muscular relaxation is not required. As a rule there is no difficulty in intubating either nasally or orally should this be desirable. We have found endotracheal nitrous oxide-oxygentrichlorethylene particularly useful in ophthalmic surgery where capillary oozing is definitely less than with ether and the dreaded post-operative vomiting is rare. Replacements of detached retinae can be done with this method as, in spite of statements to the contrary (Stowell, 1943) , the diathermic cautery is no contra-indication to its use. It might, perhaps, be well to clear this point up. Trichlorethylene vapour will not burp or explode if mixed in any proportion with air, oxygen or nitrous oxide. If sparking occurs in a strong vapour of the drug, a minute amount of phosgene may be formed in the immediate neighbourhood of the spark but, even if pharyngeal insufflation without packing is being done, the quantity inhaled by the patient is infinitesimal. With endotracheal anaesthesia using a cuffed tube or a pack, none at all can be inhaled. This also applies, of course, to chloroform. If sufficient relaxation cannot be obtained easily, it is far better to change over to some other drug such as ether than to push trichlorethylene to a very deep plane. When adequate relaxation is attained with ether, a second change back to trichlorethylene will usually enable this deep plane of narcosis to be held. I believe that most of the troubles encountered have been due to neglect of this advice. For example, an extremely rapid respiration rate is seldom seen with the technique described but, if it should occur, I
Further Observations on
should not hesitate to change over to some other drug although I have never seen any harm arise from this cause. The "safety-factor", i.e. the ratio of the minimum lethal dose to the anaesthetic dose, would appear to be very much higher with trichlorethylene than with chloroform. I have only seen respiratory arrest occur on one occasion and then only for a very brief time.
I have not tried the intravenous injection of curare to produce complete relaxation in light trichlorethylene anaesthesia but the practice may have possibilities (Griffith and Johnson, 1942;  Barnes, 1943) .
Proceedings of the Royal Society of Medicine 14 Cardiovascuilar chaniges.-Further experience has confirmed our previous observations that blood-pressure changes are negligible, but that capillary oozing from cut surfaces is definitely less than with ether. As regards the pulse-rate, bradycardia is commoner than tachycardia as is the case with cyclopropane. Arrhythmias are fairly common and seem to have given rise to much anxiety in some observers (Gordon and Shackleton, 1943) . We have never had any uneasiness on this account in any patient. Although we have not continued electro-cardiographic records, we did show before that most of the pulse irregularities were of the nature of auricular extrasystoles. It appears to me rather doubtful whether the type of E.C.G. changes is of much assistance in determining the suitability of an anaesthetic agent. For example, we should probably never have used cyclopropane at all if we had been influenced solely by the opinion of cardiologists after studying E.C.G.
tracings with this gas.
The question of primary cardiac failure is, on the other hand, of great importance. So far as I know, one case only has been recorded which occurred in a girl aged 3 with la history of bronchitis who was undergoing a herniorrhaphy. Unfortunately no details are given but it was concluded thlat the cause of death was "vagal inhibition" (Haworth and Duff, 1943) . It is probable that over 100,000 administrations of trichlorethylene have now been given and it is hardly conceivable that if primary cardiac failure was anything like as common as with chloroform, we should not have heiard of many more such accidents. Two other deaths occurring during narcosis have come to my notice but from the particulars 'whilch I have been able to obtain, neither case comes into this category.
Convdlsions.-Two mild cases of convulsions have been recorded. Both recovered spontaneou,sly and the temperature in each case was normal in contradistinction to most reported cases of ether convulsions (Garland, 1942; Culbert, 1942) . We have not seen this condition ourselves but an aniesthetist in conversation remarked that he had had twitchings in one case which ceased when the oxygen percentage. in the mixture was increased. This suggests that anoxia may be a factor in the actiology.
Acetonuria.-I should like to revise my previous remarks about the rarity of acetonuria after trichlorethylene anaesthesia. Subsequent experience has shown that the presence of acetone in the urine is commoner than I had previously supposed. This may be due to the fact that a large number of children have been anaesthetized with this drug. Severe ketosis, however, has never been encountered.
Fifth nerve palsies.-It may be recalled that the reason why trichlorethylene was first tried as a palliative for trigeminal neuralgia was that some of the fatal cases of industrial poisoning with the impure product showed bilateral lesions of the fifth nerves and it was thought that some specific action on these nerves existed. In my former paper I explained why I thought it much more likely that the relief from pain which undoubtedly occurs when trichlorethylene vapour is inhaled, is due to a state of general analgesia.
A few months ago, it M'as brought to my notice that three cases of fifth nerve palsy had followed trichlorethylene anaesthesia in one hospital within quite a short time. On investigation it appeared that the first case was the most marked and that the condition had not entirelv cleared up although the patient had recovered from his operation and had been transferred to a convalescent home. The other two cases were much less severe and would probably have been missed unless the first had occurred. Both patients recovered before they left the hospital. On thinking over the facts, it seemed to me very curious that three cases had occurred almost simultaneously at one hospital while diligent inquiries failed to elicit any other cases elsewhere. I therefore came to the conclusion that there must be some local cause and the most likely one appeared to be impurities in the drug. Fortunately about 100 c.c. of the fluid from the suspected bottle had been kept and this was sealed and sent to the makers for analysis. Their report was that it contained at least 20% impurities in the form of mixed hydrocarbons, probably either naphtha or petrol.
Since the vapours of either product when inhaled are known to be able to cause neuritis, part of the mystery was solved. The test bottle of the same batch of trilene retained by the makers was then examined and found to be quite pure so that there is no reasonable doubt that the contamination occurred after delivery. Various speculations as to how this occurred can be made. Personally I think it quite likely that some person connected with the dispensary or theatre discovered that trichlorethylene can be used to clean clothes as well as to anaesthetize patients and that he abstracted some for this purpose. In order that the fraud should not be discovered, he may then have filled up the bottle with petrol. It is of some interest to know that the makers have had another bottle of trilene returned to them for analysis on account of toxic symptoms. On examination, this was found to contain no less than 40% chloroform. It is not so difficult to see how this contamination arose but such mistakes should not occur now that trilene is coloured blue. At the same time, care must be exercised by the theatre staff when emptying and filling the bottles on gas-oxygen apparatus and all concerned should be able to distinguish trilene from chloroform not only by colour but by odour.
New developnments in techniquie.-I do not propose to dwell upon the new techniques for giving trichlorethylene which have been worked out by various anaesthetists as I have not had sufficient experience to express an opinion. These include the production of general analgesia in dentistry and midwifery, the single-dose method already described this afternoon by Dr. Galley and the combination with avertin for producing complete relaxation in abdominal surgery.
CONCLUSION
From the large number of administrations now made, I think we are justified in saying that, within its known limitations, trichlorethylene is a useful agent in the production of general analgesia and anaesthesia. physiological research, but to design a simple machine giving the optimum practical assistance to anaesthetist and surgeon, which should be robust enough to stand up to wartime usage, and sufficiently free from complex refinements to work for long periods without servicing. It had to give unambiguous readings of systolic and diastolic pressures, preferably by means of a visual indication, and it had also, if possible, to give some continuous indication of the patient's condition.
The result embodies no new principle, but is the product of a scientific analysis of the conditions of blood-pressure measurement so as to secure the best possible combination of existing methods and apparatus. This analysis is based on certain simplifying assumptions, such as, for instance, that the artery is a simple linearly extensible tube, but, as we shall see, the simplicity of the assumptions does not invalidate the theory, which predicts results which are in excellent agreement with observation.
We use an inflated cuff of the usual type, connected to a differential membrane manometer, which records pressure oscillations by means of a light beam and scale. Pressure pulsations from the cuff are led directly into one side of the manometer, but the other chamber is connected to the cuff through a capillary. This equalizes the mean pressures on the two sides of the membrane, but admits rapid pressure changes such as pulsations, to one side only. The mean pressure in the whole circuit is recorded on an aneroid manometer.
The theory predicts that the amplitude of pressure oscillations recorded by the membrane manometer will be related to the mean pressure in the cuff by a curve of the type shown in fig. 1 . For cuff pressures above systolic the pulsations are small. As the cuff pressure falls they increase to a maximum and then slowly decrease again. Then suddenly there is a sharp break in the curve, after which the pulsations are small and decrease
